by the addition of isotopically light CO2 to the ocean, comparable to present-day fossil fuel input to the atmosphere (5, 15, 16). All of these observations have been linked by a single hypothesis (Fig. 1) involving a sudden change in ocean circulation and rapid escape of 1 X 1018 to 2 X 101s g of CH4 from marine gas hydrate reservoirs on continental slopes (11, (15) (16) (17) (18) . Nonetheless, without appropriate Paleocene continental slope sections, evidence for the theoretical CH4 release has been lacking. Results presented here provide critical evidence to support rapid, massive CH4 input to the ocean during the LPTM.
The "LPTM hydrate dissociation hypothesis" (15-18) can be summarized as follows ( (Fig. 1) At Site 1051, -55% of benthic foraminiferal taxa disappeared in the latest Paleocene within a fraction of a precessional cycle (<5000 years) ( Fig. 3) , with 5180 and 513C decreases of -1.5 and -3.0 per mil, respectively, across a -20-cm interval. Bulk sediment 5 3C values decrease by -1.2 per mil across this interval (Fig. 3) , although we did not measure bulk samples from the interval of peak 513C excursion. At Site 1051, the onset of the isotopic excursions coincides with the BFEE and is contemporaneous with similar isotopic changes in other deep-sea LPTM sections from around the world (3, 5, 17). 9-11, 14, 17) , including at Site 1051 (Fig. 3) , is consistent with this interpretation (15-18) . The duration of carbon input is expected to be equivalent to the onset time of the CIE (18), or about 5000 to 7000 years according to the 513C records at Site 1051 (Fig. 3) . Release and oxidation of 1 X 1018 to 2 X 1018 g of CH4, and the subsequent propagation of CO2 through various carbon reservoirs, is the only known mechanism to explain the sudden, extreme, and global nature of the
CIE (11, 15).
Model results (18) show that the release and oxidation of 1.2 X 1018 g of CH4 over 7500 years in the present-day deep Atlantic would result in a rapid decrease of the 8'3C of ICO2 in the deep Atlantic, followed by an exponential recovery over a period of about 140,000 years as excess carbon is eventually transferred to the rock cycle (Fig. 4) . The temporal resolution afforded by precessional cyclicity in the expanded section at Site 1051 allows a direct compalison between theoretical and observed 613C isotope changes during the LPTM with respect to age. The similarity between modeled and observed records (Fig. 4) provides evidence that massive quantities of CH4 were released and oxidized in the deep Atlantic during the LPTM. Methane can escape from buried gas hydrate reservoirs only through sediment failure (24, 25, 34, 35) . Thus, widespread slumping and sediment disturbance should have occurred on the middle to lower slope at the onset of the LPTM (Fig. 1) . Upper Paleocene sediment at Site 1051 yields benthic foraminifera consistent with deposition in the lower bathyal zone (1000 to 2000 m), which is at the deep end of the dissociation depth range (15, 16, 18) and hence is the ideal depth on a continental margin to monitor potential effects of CH4 release recorded in marlie sediments.
Further evidence linking global perturbations at the LPTM to CH4 release via sediment failure from a continental slope location is provided by an intraformational mud clast interval immediately below the CIE at Site 1051 (Fig. 3) . X-ray fluorescence analyses on the <63-pm fraction of bulk sediment show that matrix and clast sediments are veiy similar in major and trace element composition. Benthic foraminifera within the clast and matrix sediments are typical of pre-BFEE slope faunas (1000 to 2000 m) and record pre-CIE stable isotope values. Moreover, this layer lacks the coarse sediments and grading typical of a turbidity deposit derived from shallow waters; instead, it contains partially compacted, fine-grained clasts up to 5 cm long and has a scour mark at its base (27) . The lithologic, faunal, and geochemical evidence indicates that tlhe intraformational mud clast layer was transported from a penecontemporaneous horizon just upslope from Site 1051 at the crucial time, precisely at the onset of the CIE (Fig. 3) . The juxtaposition of the top of a mud clast layer alnd the base of the CIE in a sediment succession deposited on the lower slope is a compelling argument for CH4 release via sediment failuire at the Blake Nose during the LPTM. Evidence for the requisite deep-water warming just before the CH4 release is not evident in our data, but would have been erased by erosion that formned the scour mark at the base of the mud clast inlterval.
Seismic profiles across the Blake Nose (27) reveal three features (Fig. 2 ) associated with the CIE: an extensive interval of chaotic reflections above a buried Aptian reef, a prominent seismic reflection, and a scarp upslope from Site 1051. Buried reefs may serve as traps for overpressured gas and gas hydrate (36), and CH4 could have vented from the region of chaotic reflections during the LPTM (Fig. 2) . This area was at the appropriate depth given for slope failure caused by hydrate dissociation in the Paleocene (Fig. 1) . The chaotic interval is associated with a seismic reflection traced to Site 1051 that correlates with the CIE. This seismic reflection apparently is caused by the impedance contrast between the mud clast layer and the overlying dissolution interval observed at Site 1051. The CIE reflection clearly postdates reflection Atb a time when widespread current-controlled sedimentation began in the western North Atlantic (37). A scalp upslope from Site 1051 (Fig. 2) may be related to slope failure associated with CH4 release or to erosion associated with current-controlled sedimentation. We calnot discriminate between the two possibilities with seismic profiles available at present, but we note that the chaotic zone, seismic reflection, and scarp can be traced to the depth of the CIE at Site 1051 (Fig. 2) , indicating a temporal equivalency and suggesting a causal link.
Even though our results suggest that CH4 was released fiom the Blake Nose region during the LPTM, the mass of CH4 fiom this region alone is insufficienlt to explain the magnitude of global perturbations at the LPTM. Other sections deposited on the middle to lower slope during the LPTM also must exhibit features similar to those reported here.
